The influence of binocular disparate targets on the perceived visual direction of adjacent monocular targets has been termed ''binocular capture''. The magnitude of capture increases significantly with increasing vertical separation between monocular targets. This study sets out to elucidate the interaction between spatial frequency content, contrast polarity and vertical separation between monocular targets to establish the roles of the monocular target's positional uncertainty and the underlying positionencoding mechanism in the production of binocular capture. Relative alignment thresholds and bias were measured separately for a pair of vertically separated monocular Vernier spatial frequency ribbons and a pair of monocular Gaussian bars presented across a random dot stereogram. Ribbon pairs comprised carrier frequencies that were either matched (8 cpd or 1 cpd) or mismatched (top ribbon 1 cpd, bottom ribbon 8 cpd, and vice versa). The Gaussian bars were presented with either matched contrast (bright/bright) or opposite polarity (bright/dark) contrast. Capture magnitudes increased significantly with vertical separation for all ribbon conditions and for both contrast polarity conditions. In these conditions, capture magnitude co-varied with relative alignment threshold. The matched 1 cpd ribbons showed a significant effect of separation and relative alignment threshold on capture magnitude for low contrast stimuli but not for high contrast stimuli. The results are consistent with the hypothesis that perceived visual direction of a monocular target becomes increasingly dependent on the surround visual direction when its relative position signals are poor. Furthermore, its vulnerability to capture by the surround visual direction seems to be dependent on the underlying position encoding mechanism employed to compute relative position information of the monocular target.
Introduction
Under normal binocular viewing conditions, the presence of an appropriately placed occluder can create a condition in which monocular visible targets can co-exist with surrounding binocularly visible targets. Under these conditions, binocular space is distorted in the vicinity of occlusion regions, such that the perceived visual direction of monocular targets is not directly predicted by Hering's laws (Erkelens, Muijs, & Van Ee, 1996; Van Ee, Banks, & Backus, 1999; Van Ee & Erkelens, 2000) . In these viewing conditions, the perceived relative visual directions of monocular and binocular targets are consistent with the directions estimated by the eye that can see both targets (Erkelens et al., 1996; Van Ee & Erkelens, 2000; Van Ee, Banks, & Backus, 1999) . These observations have also been observed in conditions in which dense binocular fields are presented with absolute disparity (Erkelens & Van Ee, 1997a , 1997b or with relative disparity (Hariharan-Vilupuru & Bedell, 2009; Raghunandan, Anderson, & Saladin, 2009; Shimono & co-workers, 1998 Shimono & co-workers, , 2002 Shimono & co-workers, , 2005 . In either case, physically aligned monocular targets are perceived as misaligned when presented in a binocular disparate surround. This effect is termed the ''binocular capture'' effect (Erkelens & Van Ee, 1997a , 1997b because it seems as though the visual system treats the visual direction of monocular targets in a similar way as it treats the visual direction of binocular disparate targets.
The direction and magnitude of capture varies proportionally with the magnitude and sign of relative disparity (HariharanVilupuru & Bedell, 2009; Shimono et al., 2005; Shimono & Wade, 2002) , the density of the binocular surround (Shimono et al., 2005) , the proximity of the binocular stimulus to the monocular stimulus (Erkelens & Van Ee, 1997a; Shimono et al., 2005; Van Ee, Banks, & Backus, 1999) , the vertical separation between monocular targets (Hariharan-Vilupuru & Bedell, 2009; Raghunandan, Anderson, & Saladin, 2009 ) and the spatial frequency composition of the monocular targets (Raghunandan, Anderson, & Saladin, 2009 ). The last two observations suggest that binocular capture is not solely mediated by the characteristics of the binocular surround, but is also influenced significantly by the characteristics of the monocular stimulus as well. Furthermore, there is also a systematic interaction between the spatial frequency composition and the vertical separation between the monocular stimuli and their effect on the magnitude of capture (Raghunandan, Anderson, & Saladin, 2009 ). The higher the spatial frequency of the monocular stimulus, the larger is the magnitude of capture for a given vertical separation. However, of even greater interest in this result was that capture magnitudes increased significantly when the separation between the monocular Vernier targets exceeded a single period width of the spatial frequency of its carrier.
It was also observed that there is a significant interaction between the positional uncertainty (relative alignment thresholds) of the monocular stimulus and the magnitude of capture. Higher relative positional thresholds are associated with larger capture magnitudes (Raghunandan, Anderson, & Saladin, 2009) . Positional uncertainty also co-varies with separation when expressed as period multiples of the carrier grating. These observations raised a plausible hypothesis that this result may reflect the operation of separable spatial frequency tuned mechanisms that differ in their susceptibility to the effects of capture, depending on the separation of the monocular target.
It has been postulated that as the vertical separation between monocular targets exceeds the size of the spatial filter of the carrier, there occurs a transition in the position encoding strategy/mechanism from an orientation-tuned spatial frequency selective process (Waugh & Levi, 1995; Whitaker & MacVeigh, 1991; Wilson, 1986) to a second stage ''local-sign'' or non-linear collator mechanism (Levi & Waugh, 1996; Mussap & Levi, 1997; Wang & Levi, 1994; Waugh & Levi, 1995) . Therefore it is possible that the scaling of capture magnitude with the carrier grating and its period multiples may reflect the differential susceptibility between these two candidate mechanisms/strategies of position encoding. Specifically the lack of measurable capture for stimulus separations corresponding to less than 1 period width of the carrier grating raised the possibility that the orientation-tuned spatial frequency selective process may be inherently less vulnerable to the effects of capture.
In an attempt to further elucidate the underlying processes mediating the capture effect the magnitude of capture was measured for stimulus conditions that have been shown to be nonoptimal for the recruitment of an orientation-tuned, spatial filter position encoding mechanism. This study reports the results obtained with the presentation of Vernier ribbon pairs comprising carrier spatial frequency gratings that differ by 3 octaves, and of Vernier targets with opposite contrast polarity.
The majority of cells comprising the striate cortex are relatively narrowly tuned in spatial frequency and orientation, with spatial frequency bandwidths ranging from 1.0 to 2.0 octaves (De Valois, Albrecht, & Thorell, 1982) . Additionally, spatial frequency masking profiles in Vernier acuity have shown that the average bandwidth of mechanisms involved in Vernier discrimination was approximately 2.5 octaves (Levi & Waugh, 1994) . Therefore, it is unlikely that relative position of targets differing in their spatial frequency content by more than 2 octaves are processed by the output of a pair of oriented spatial filters with similar peak spatial frequency sensitivity. It follows that such stimuli will be non-optimal for invoking a mechanism that provides position signals based on the relative activation of a pair of oriented spatial filters.
Opposite contrast polarity Vernier stimuli have also been reported to be non-optimal for an oriented spatial frequency filter mechanism. Relative alignment thresholds are significantly elevated for opposite contrast polarity targets compared to same polarity targets at small separations but are similar at wider separations (Levi & Waugh, 1996; Levi & Westheimer, 1987; O'Shea and Mitchell, 1990; Waugh & Levi, 1995) . Orientation masking profiles using 1-D band-limited noise shows altered orientation tuning profiles for opposite-polarity targets only at small separations but similar masking profiles for both same and opposite-polarity targets at larger separations (Levi & Waugh, 1996; Waugh & Levi, 1995) . To account for their results, Waugh and Levi (1995) and Levi and Waugh (1996) , postulated the existence of non-linear collector mechanisms in which local-sign signals from early stage linear filters are collated at a second-stage after some form of non-linear rectification.
The results of the present study show unequivocally that in the case of mismatched carrier ribbons and opposite contrast polarity stimuli, capture magnitudes increase unabated with vertical separation and exhibit a significant dependence on the positional uncertainty of the monocular stimulus. We also report a third experimental condition, in which low spatial frequency Vernier ribbons were presented with an equivalent contrast (in terms of contrast threshold units above detection) to that of high spatial frequency targets. In this case, when the positional uncertainty between targets was approximately equivalent, low spatial frequency stimuli exhibited equivalent capture magnitudes to that obtained for the high spatial frequency condition across all vertical separations.
The results from the present study show that capture magnitudes depend significantly on the positional uncertainty of the monocular stimulus. When the position information available for monocular targets is poor or unreliable, their perceived visual directions become increasingly susceptible to ''capture'' by the visual direction of the surrounding stimuli.
General methods and stimuli

Stimuli
All stimuli were programmed using Matlab™ and displayed on a linearized G4 Apple Macintosh CRT monitor at a frame refresh rate of 124 Hz using the Psychophysics Toolbox option (Brainard, 1997; Pelli, 1997) . The stimuli were viewed through a front surface mirror haploscope placed at a viewing distance of 138 cm (including the 12 cm optical path length added by the mirrors). The angular subtense of each pixel was 1 arc min, however horizontal offsets of the monocular Vernier ribbon less than a single pixel width were accomplished by sub-pixel resolution (Westheimer & McKee, 1977a) .
Binocular stimulus
The binocular target comprised two 4.2 Â 3.2°rectangular (8-bit grayscale) random dot stereograms (RDS) presented with a depth edge of 10 arc min horizontal relative disparity. The closest edges of the two rectangles were separated by a 4 arc min wide gray strip (42 cd/m 2 ). The top rectangle was presented with either crossed or uncrossed disparity relative to the bottom rectangle which was always presented with zero relative disparity (with respect to the surrounding aperture) thereby producing two depth sign conditions viz. top near and top far. Relative disparity of the top rectangle was produced by horizontal displacement of the random dot array comprising the rectangular aperture of each eye's half image.
2.1.2. Monocular stimulus 2.1.2.1. Experiment 1. The monocular stimuli comprised a pair of vertically separated 66 arc min tall Vernier spatial frequency ribbons (Fig. 1A) presented within a 4.2 Â 3.2°gray aperture of mean luminance (42 cd/m 2 ). The gray aperture was viewed by both eyes; however the monocular stimulus was presented within the gray aperture viewed by the left eye only. The Vernier spatial frequency ribbons were constructed by windowing horizontal sinusoidal gratings with a 4 arc min vertical Gaussian envelope. This stimulus configuration allowed relative position thresholds to be measured with stimuli having a fairly narrow spatial frequency composition.
In addition it allows one to independently vary the spatial frequency content of the stimulus while keeping its spatial extent (66 arc min tall, $4 arc min wide) constant.
In Experiment 1, the spatial frequency (SF) of the carrier grating comprising the Vernier ribbon pairs were either matched in the top and bottom Vernier ribbons (matched 1 cpd, matched 8 cpd), or presented with mismatched (1 cpd top ribbon and 8 cpd bottom ribbon, or 8 cpd top ribbon and 1 cpd bottom ribbon) spatial frequencies. Carrier gratings for all conditions were presented with a time averaged contrast of 50% due to the temporal interleaving. Each spatial frequency condition (matched or mismatched) was presented in separate blocks with one of four edge-to-edge vertical separations (8, 30, 60 and 120 arc min) between the Vernier ribbons.
Experiment 2.
The monocular stimuli were pairs of vertical Gaussian lines 66 arc min tall with a sigma of 4 arc min (Fig. 1B) . The line pairs could be presented as matched polarity line pairs (bright/bright, WW) or opposite polarity line pairs (bright/dark, WB) within a 4.2 Â 3.2°gray aperture (42 cd/m 2 ). The gray aperture was viewed by both eyes; however the monocular stimulus was presented within the gray aperture viewed by the left eye only. The peak physical contrast of the bright and dark Vernier bars was 0.5 in all conditions due to the temporal interleaving of the monocular bars with the cyclopean RDS. Each contrast condition (matched or opposite polarity) was presented in separate blocks with one of four edge-to-edge vertical separations (4, 8, 30 and 120 arc min).
Stimulus presentation
For all experimental conditions, the monocular and binocular RDS stimuli were presented by temporally interleaving the monocular Vernier stimulus with the binocular RDS at the frame refresh rate of 124 Hz for a total duration of 216 ms. At this presentation rate, both the monocular and binocular stimuli were perceived as being spatially superimposed ( Fig. 1A and B) . The peak contrast of the carrier grating was 1, but the interleaving reduced the effective contrast of the RDS and monocular stimuli by a factor of two.
Procedure
Prior to the start of each block subjects adjusted the mirrors and occluders of the haploscope to aid fusion of a pair of dichoptically viewed rectangular regions (4.2 Â 3.2°) of mean luminance (46 cd/ m 2 ). A key press immediately extinguished the dichoptic rectangular regions and presented the interleaved monocular and binocular stimuli. The monocular pair of separated Vernier ribbons or Gaussian lines was presented randomly with one of nine horizontal offsets relative to the bottom Vernier ribbon/Gaussian line (this also included a zero offset condition). Immediately after this duration, the gray rectangular regions replaced the test stimulus, awaiting a key press that recorded the subject's response of relative alignment (top line to the right or left of the bottom) and initiated the presentation of the next trial. All subjects were instructed to maintain fixation on the dark horizontal line between the two regions of the stereogram throughout the experimental session. Vertical separation and Vernier ribbon frequency were kept constant within a single block that comprised 15 repetitions of nine horizontal offsets for each depth sign condition. The sign of the RDS (top far or top near) was presented randomly within each block. A completed session comprised at least five blocks of trials.
The resulting psychometric functions for RDS with crossed and uncrossed disparity derived from the subject's responses for each block was fitted with a probit cumulative normal. The point of subjective equality (PSE) was taken as a measure of perceived alignment, and the inverse [i.e., min arc/probit] slope of the fitted function was taken as the alignment threshold. The difference in PSE between the crossed and uncrossed depth sign conditions was taken as a measure of the capture magnitude.
Subjects
All four subjects were between the ages of 25 and 37 years, with normal or corrected-to-normal acuities, and intact binocular function (normal phoria measures, with better than 40 arc sec of local stereoacuity). All subjects provided signed informed consent for voluntary participation in the study. The work described in this article has been carried out in accordance with the Declaration of Helsinki. Approval for the use of human subjects was obtained by the Human Subject Review Committee at Ferris State University. tudes that were consistently larger than the 1 cpd ribbon across all vertical separations.
A two-way ANOVA showed significant main effects of target condition (matched 1 cpd and matched 8 cpd) (F(1, 163) = 82.06, p < 0.001), vertical separation (F(3, 163) = 15.55, p < 0.001) and a significant interaction effect between the matched target condition and separation (F(3, 163) = 3.75, p = 0.012). A pair wise comparison using the Holm-Sidak method showed significant differences (p < 0.05) between the capture magnitudes for matched 1 cpd and 8 cpd for all vertical separations. In the case of the matched 1 cpd condition, there was a weak but significant capture effect at the 120 arc min separation (one way ANOVA, p = 0.01) but not at the three smaller separations. The mismatched spatial frequency (SF) condition also showed a significant increase in capture magnitude with vertical separation. A two way ANOVA showed significant main effects of mismatched SF condition (F(1, 165) = 7.92, p = 0.005) and vertical separation (F(3, 165) = 14.97, p < 0.001). Statistically, it did not matter if the 8 cpd grating in the mismatched 8-and-1 cpd condition or if the 1 cpd grating in the mismatched 1-and-8 cpd condition was presented within the depth region (two way ANOVA: (F(3, 165) = 0.815, p = 0.487). However, despite the lack of statistical significance, the plot shows systematically less capture in the 1-and-8 cpd condition, with no overlap of the SEs for at least two of the four separations. The results for the 1-and-8 cpd and the 8-and-1 cpd conditions also can be seen to differ systematically in Fig. 3B . The author speculates that given the complexity of the psychophysical task, experience of the subjects seemed to be a factor. Two of the more experienced psychophysical observers in the sample produced no significant differences between 1-and-8 cpd and the 8-and-1 cpd conditions, while the remaining two less-experienced observers seemed to produce capture magnitudes that were consistently smaller in the 1-and-8 cpd condition relative to the 8-and-1 cpd condition. The overall magnitude of capture for all conditions was also consistently smaller (although significant) for the two less-experienced observers.
Consistent with previous reports (Hariharan-Vilupuru & Bedell, 2009; Raghunandan, Anderson, & Saladin, 2009) , the magnitude of capture also varied proportionally with alignment threshold, specifically for the matched 8 cpd condition and for both mismatched SF conditions (Fig. 3A-D) . For the matched 8 cpd and for both mismatched SF conditions, the change in the alignment threshold could completely account for the variation of capture with increasing vertical separation (Fig. 3C and D) , as evidenced by a PSE/ Threshold ratio approximating 1, specifically for the three larger separations. However, this was not consistent with the trend observed for the matched 1 cpd condition (Fig. 3A and C) . It is evident from Fig. 3C that the matched 1 cpd condition was less vulnerable to capture specifically for separations less than 120 arc min, and failed to vary proportionally with alignment threshold over this separation range (Fig. 3A and C) .
In the case of the matched 1 cpd condition, the separation over which capture varied minimally with relative alignment thresholds was confined to vertical separations not exceeding a single period multiple of the carrier grating frequency (Fig. 4) . All separations for the matched 8 cpd condition corresponded to period multiples exceeding a single period width. This finding is consistent with the observation by Raghunandan, Anderson, and Saladin (2009) , and again seems to suggest a reduced vulnerability of the monocular ribbons to capture when separation was less than approximately 1 period multiple of the carrier grating. Arguably, the PSE/Threshold ratios for the matched 1 cpd had large individual differences, however despite such large variability, all of the subjects exhibited a PSE/Threshold ratio that was significantly lower than 1, specifically for separations less than 120 arc min (mean PSE/Threshold ratios among the subjects ranged from À0.16 to 0.36 for 8 arc min separation, 0.20 to 0.51 for 30 arc min separation, and À0.06 to 0.30 for the 60 arc min separation).
However, Fig. 3A also reveals that for the matched 1 cpd condition, relative alignment threshold varied by only a factor of $2 over the range of separations corresponding to less than 1 period multiple of its carrier frequency. This was expected because of the higher visibility of the matched 1 cpd ribbons compared to the matched 8 cpd ribbons, attributable to the differences in their carrier grating contrast sensitivities. In an attempt to address the possible effects of visibility inequalities between the matched 1 cpd and matched 8 cpd conditions on capture magnitude, the magnitude of capture was measured for two subjects for the matched 1 cpd condition with its contrast reduced so that it was approximately equivalent to the matched 8 cpd grating in terms of multiples above contrast detection threshold. This was done by measuring the contrast detection threshold of ribbons in the matched 1 cpd condition and matched 8 cpd condition for three vertical separations using a two interval, forced choice method. The stimulus parameters were identical to those used in Experiment 1. Each interval was presented for 216 ms and separated temporally by 800 ms. One interval contained only the binocular random dot surround stimulus with zero horizontal disparity interleaved with a homogeneous gray field, while the other interval contained the monocular ribbons interleaved with the zero-disparity binocular random dot surround. The ribbon pair was presented randomly in one of two intervals with one of nine levels of contrast that was randomly interleaved with the interval of presentation. The resulting psychometric functions were fitted with a Weibull function. The contrast detection threshold for each ribbon condition and vertical separation was inferred from the slope (a value) of the best fit Weibull function.
For the matched 8 cpd condition, a contrast of 0.5 was approximately equivalent to 3.34 times the contrast detection threshold for each vertical separation for both subjects. Using this value as a reference, the contrast of the matched 1 cpd grating was reduced so that it corresponded to a contrast level approximately equivalent to 3.34 times its contrast detection threshold (or 3.34 contrast threshold units (CTU)). For subject AIR, this corresponded to a contrast of 0.24 at the 8 arc min separation and 0.23 at the 30 and 120 arc min separation. For subject LSS, this corresponded to a contrast of 0.25 at all three vertical separations. 1 cpd, 0.5 contrast -matched 8 cpd, and matched 1 cpd presented with contrast corresponding to approximately 3.34Â detection threshold). With regards to the matched 1 cpd condition, a twoway ANOVA (Separation (3 levels) Â Contrast (0.5 contrast and 3.34Â CTU) as factors) showed significant main effects of contrast (F(1, 61) = 28.12, p < 0.001) and separation (F(2, 61) = 5.803, p < 0.005). The effect of contrast condition did not depend on separation (F(2, 61) = 0.387, p = 0.681). Fig. 5A and B that when the effective contrast of the matched 8 cpd condition and the matched 1 cpd conditions are equivalent in terms of contrast threshold units (CTU) above detection threshold, both conditions produced approximately equivalent capture magnitudes across all three vertical separations. Furthermore, the magnitude of capture for the 1 cpd condition presented with 3.34 CTU scales linearly with positional uncertainty (Fig. 5C and D) across all vertical separations.
It is evident from
Experiment 2: The effect of contrast polarity
Results
Fig . 6A and C plots the magnitude of capture obtained with the matched polarity (WW) and opposite polarity bars (WB) across four vertical separations (4, 8, 30, and 60 arc min) for two subjects. Capture magnitudes increased unabated with vertical separation for both stimuli (AIR: F(3, 31) = 9.47, p < 0.001; LSS: F(3, 26) = 4.84, p < 0.008), and were approximately equivalent regardless of stimulus condition across all three vertical separations (AIR: F(3, 31) = 1.03, p = 0.393; LSS: F(3, 26) = 0.84, p = 0.485). Capture magnitudes increased in constant proportion with relative alignment thresholds ( Fig. 6B and D) which is suggestive of a strong interaction between positional uncertainty and capture magnitude. This is evidenced by a PSE/Threshold ratio of approximately one across all vertical separations in Fig. 6B and D (only the three largest vertical separations for the subject in panel B). 
Discussion
The binocular capture effect has attracted much attention, especially as it relates to natural viewing conditions in which an occluding surface produces a viewing condition in which monocular targets can co-exist in the vicinity of binocular targets. In such conditions the perceived visual direction of monocular targets do not follow the predictions of Hering's laws (1879) but is perceived relative to binocular targets as though viewing with the eye that sees both targets (Erkelens et al., 1996; Van Ee, Banks, & Backus, 1999) . The natural consequence of this is a distortion of perceived visual direction in the vicinity of occluding surfaces, while surprisingly preserving the perceived shapes of surfaces defined by contours in these regions (Van Ee & Erkelens, 2000) . The perceived relative misalignment between the monocular targets reported in this study is more consistent with the prediction of Van Ee (1997a, 1997b) , although of much smaller magnitude, than with those of Hering's laws (1879) which predicts that both segments of the monocular line should not exhibit a position bias that varies with the disparity of the surround. Therefore, while there exists significant methodological differences between the present study and those of earlier reports (Rogers & Bradshaw, 1999; Erkelens & Van Ee, 1997a , 1997b , the similarity of the trends in positional bias reported in this study strongly alludes to the operation of a common strategy for the assignment of visual direction in these various viewing conditions.
The results in the present study extend those of previous reports (Erkelens & Van Ee, 1997a , 1997b Hariharan-Vilupuru & Bedell, 2009; Shimono & co-workers, 1998 Shimono & co-workers, , 2002 Shimono & co-workers, , 2005 by showing that the magnitude of capture depends significantly on the spatial characteristics of the monocular target. Furthermore, the systematic interaction between the magnitude of capture, the vertical separation and the spatial frequency composition of the monocular target alludes to an intimate association between putative separable position-encoding mechanisms and the susceptibility of the monocular target to capture of its visual direction. In addition, the results also implicate relative positional uncertainty of the monocular target as a significant determinant of the magnitude of capture. This assertion is discussed below.
The increase in capture with vertical separation has been shown to co-vary with the positional uncertainty (Hariharan-Vilupuru & Bedell, 2009; Raghunandan, Anderson, & Saladin, 2009 ) and the spatial frequency composition of the monocular lines (Raghunandan, Anderson, & Saladin, 2009) . One interpretation of the increase in capture magnitude with separation is that binocular capture reflects the operation of at least two competing sources of position information for the monocular line under binocular viewing conditions (Erkelens & Van Ee, 1997a , 1997b Hariharan-Vilupuru & Bedell, 2009; Shimono et al., 1998 Shimono et al., , 2005 .
The first source of information may be derived by judging the position of the monocular line with respect to the visual direction of the surrounding random dots (and the edges) of the RDS in each half image. Evidence in support of this ''proximity'' hypothesis was provided by reports of larger capture magnitudes associated with increasing the density of the RDS and larger capture magnitudes observed with decreasing the width of the RDS (Shimono et al., 1998 (Shimono et al., , 2005 . The second source of position information may be derived from a relative position cue such as a Vernier task. Increasing the vertical separation between targets is associated with a progressive decline in the precision of relative alignment judgments (Waugh & Levi, 1995; Westheimer & McKee, 1977b) . This finding is consistent with the observation of an increase in magnitude of capture with vertical separation observed in this study and previous reports (Hariharan-Vilupuru & Bedell, 2009; Raghunandan, Anderson, & Saladin, 2009) .
In an earlier publication, Raghunandan, Anderson, and Saladin (2009) reported an interaction between the magnitude of capture, vertical separation and the spatial frequency composition of the monocular target. It was observed that the magnitude of capture increased significantly for vertical separations that exceeded a single period multiple of the carrier grating comprising the monocular target, and was almost negligible for separations less than this period-equivalent separation. This trend was replicated for the matched 8 cpd and matched 1 cpd condition in the present study (Fig. 4) .
On a related note, Levi and co-workers (Levi & Waugh, 1996; Wang & Levi, 1994; Waugh & Levi, 1995) postulated the existence of two separable cortical mechanisms that mediated relative position encoding that depended to a large extent on the vertical separation between Vernier targets. They proposed that relative position signals could be extracted at high precision for closely separated targets by a comparison between the relative excitation of oriented spatial filters. These spatial filters were optimally tuned for the target spatial frequency, and the precision of their output depended on target contrast polarity and target visibility. For larger separations they proposed that relative position signals are derived from the explicit position cue from independent spatial filters (''local sign'') that is compared at some stage after non-linear rectification. These local sign mechanisms are less dependent on contrast polarity, and target visibility (Waugh & Levi, 1993a , 1993b , 1993c Levi & Waugh, 1996) .
Therefore, an alternative hypothesis that may account for the increase in capture with vertical separation may be the difference in vulnerability to the effects of capture between these two candidate position encoding strategies. The period scaling observed with capture magnitude and target spatial frequency seems consistent with this assertion (Raghunandan, Anderson, & Saladin, 2009 ). Specifically, the negligible magnitudes of capture observed for the matched 1 cpd conditions for period separations less than 1 period width (Fig. 4) , and those reported previously for matched 8 cpd and matched 4 cpd conditions (Raghunandan, Anderson, & Saladin, 2009) suggest that the oriented spatial filter regime may be inherently less susceptible to the effects of capture by the surround.
In an attempt to circumvent the recruitment of the oriented spatial filter regime, the present study employed targets that were either mismatched in their spatial frequency composition by 3 octaves (Experiment 1) or had opposite contrast polarity (Experiment 2). In the case of the mismatched spatial frequency targets, capture magnitudes increased proportionally with vertical separation, a trend similar to the matched 8 cpd condition but unlike that of the matched 1 cpd condition. Both the matched 8 cpd and mismatched conditions displayed a significant dependence on positional uncertainty, whereas the 1 cpd condition was less vulnerable to the effects of capture and positional uncertainty especially for vertical separations corresponding to period multiples less than or equal to 1. This result in isolation is consistent with the hypothesis that perhaps the oriented spatial filter regime may be inherently less susceptible to capture. However, when taken together with the results depicted in Fig. 5 it becomes evident that the dominant determinant of capture magnitude is the positional uncertainty of the monocular targets. In this case, increasing the positional uncertainty (relative alignment threshold) of the monocular target produces significant increases in capture magnitude for separations that correspond to less than 1 period width of the carrier grating. An alternative interpretation is that it is possible that the reduction of the contrast in the matched 1 cpd condition could have precipitated a shift in mechanism from a less sensitive oriented spatial filter regime to perhaps a more sensitive local-sign based position regime. If so, perhaps positional uncertainty is the dominant determinant of capture magnitude specifically when stimuli favor the recruitment of local-sign based position mechanisms. This is plausible especially when viewed in context of the results in Experiment 1 (matched 8 cpd and both mismatched conditions), and the findings of Experiment 2.
The results of Experiment 2 add further impetus to this assertion. Capture magnitudes increased almost equivalently with vertical separation whether targets were presented with matched contrast polarity or opposite contrast polarity. In this case, capture magnitudes also scaled proportionally with relative position thresholds ( Fig. 6B and D) . It is noteworthy that the relative alignment thresholds derived for the WW and WB targets were approximately similar for all vertical separations. These results are at odds with previous reports (Levi & Waugh, 1996; O'Shea & Mitchell, 1990 ) that show much lower alignment thresholds for matched contrast polarity targets compared to opposite contrast polarity targets, specifically at smaller separations ($10 arc min or less). However, the dichotomous trend of alignment thresholds observed between matched and opposite contrast polarity targets holds true for alignment thresholds well within the hyperacuity range (less than 30 arc sec) for the matched polarity conditions. Alignment thresholds in the present study, even at the smallest separation (4 arc min), were well above the hyperacuity range (AIR -WW: 0.966 arc min ± 0.07, WB: 1.36 arc min ± 0.18; LSS -WW: 1.35 arc min ± 0.06, WB: 1.56 arc min ± 0.16). Therefore it is unlikely that the WW condition in this study reflects the isolated contribution of the spatial filter regime, especially at the smaller separations. This assertion is consistent with the similar magnitudes of capture observed between the WW and WB conditions and also the similarity in the dependence of their capture magnitudes on the positional uncertainty of the targets. Rogers and Bradshaw, (1999) reported perceived orientation misalignments with nonius lines presented within inclined surfaces despite the lack of a cyclovergent response to the inclined surface. These results are consistent with the capture of visual direction as postulated by Van Ee (1997a, 1997b) . They (Rogers & Bradshaw, 1999 ) also postulated that the binocular surround and monocular lines are treated similarly by the visual system because the monocular line is ''seen'' to be part of the inclined surface. A similar postulation was made by Domini and Braunstein (2001) by noting that the perceived tilt of a monocular line embedded within a slanted stereoscopic surface depended significantly on the perceived slant of the surface. Furthermore, the magnitude of the perceived tilt of the monocular line also depended significantly on the synchronous presentation of the line and stereoscopic slanted surface. It may therefore be possible that differences in capture noted in the present study between the different carrier spatial frequencies may reflect the degree to which the visual system is able to perceptually ''integrate'' the monocular target into the surround surface. If perceptual integration of the monocular line and surround were the dominant factor, then one predicts that the vertical separation between the monocular targets should be irrelevant. In the present study we find vertical separation between the monocular target segments to be a significant factor that determines the magnitude of perceived misalignment. Furthermore, Shimono and Wade (2002) reported that the perceived visual direction of monocular stimuli did not co-vary with the perceived depth of the monocular target at very large horizontal disparities of the binocular surround and Shimono et al. (2005) found that the perceived visual direction of the monocular target did not co-vary with the perceived depth of the monocular target when either dot density or the width of the disparate binocular surround varied. Unpublished data from the author's lab indicate that capture magnitudes were significantly larger for the 8 cpd spatial frequency ribbons than that of the 1 cpd ribbon when embedded in a random dot stereogram that was filtered with a 1-octave circular Gaussian filter with center frequency of 1 cpd. In this case there seemed to be no significant effect of similarity in spatial frequency content between the monocular stimulus and background texture on the magnitude of capture. From the above, it seems that perceptual ''integration'' of the monocular target into the surround surface may not completely account for the observed effects. The significant dependence of capture magnitude on the vertical separation, spatial frequency pairing, and contrast polarity of the monocular stimulus reported in this study, most certainly adds impetus to this view.
At this point, our results are consistent with the view that the perceived visual direction of the monocular target may be derived from at least two competing sources of position information, i.e. relative position and surround visual direction (Erkelens & Van Ee, 1997a , 1997b Hariharan-Vilupuru & Bedell, 2009 , Shimono & Wade, 2002 Shimono et al., 1998 Shimono et al., , 2005 . The results from the present study cumulatively suggest that the dominant determinant of capture is the positional uncertainty of the monocular target, specifically when stimuli features favor the recruitment of local-sign based position encoding mechanisms. Hence, when the relative position signals of a monocular target are poor, its perceived visual direction becomes increasingly dependent on its position in relation to the surrounding visual frame of reference.
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